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ABSTRACT
INTRODUCTION: The choices a mother makes during pregnancy (diet and exercise)
and postpartum (environmental stimuli, sleeping situation, feeding practices) could
influence a child’s motor skills immediately after birth and into childhood. The objective
of this experiment is twofold: 1) to determine factors that may influence infant motor
development scores at 4 and 12 months of age, and 2) to determine whether infant motor
scores at 4 months of age predict infant motor scores at 12 months of age.
METHODS: Infant motor development was assessed by a pediatric physical therapist
using the Alberta Infant Motor Scale (4 months) and the Peabody Developmental Motor
Scales Second Edition (PDMS-2) Test (12 months). Data on other factors that could
influence infant motor behavior were collected via surveys and accelerometers.
RESULTS: 31 women-infant pairs participated. Physical activity during pregnancy and
tummy time during infancy were not related to infant motor scores at either time point.
However, infants who were still breastfed had higher motor scores at 4 months (p=0.006).
Infant motor development percentiles at 4 months were positively correlated to infant
motor development percentiles at 12 months (r=.649, p=.009).
CONCLUSION: Breastfeeding may contribute to improved motor development, and
motor development in early infancy may predict later motor behaviors.
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Chapter 1. Introduction
Every choice a woman makes during and after her pregnancy holds the potential
to have an impact on her child. These decisions could play a role not only in the infant’s
physiological health, but also influence their motor, neural, and cognitive functions
(Bayley, 1936). The attainment of motor milestones has long been an indicator of
neurologic development during infancy monitored by pediatricians (Davis, 1998). These
milestones are often utilized by parents as reassurance that their child is progressing at a
normal rate. In addition to non-modifiable factors such as genetics, modifiable factors
such as nutrition, physical activity, environmental stimuli, sleeping situation, and feeding
practices could all play a role in determining the progression of these motor skills.
Exercise during pregnancy has been shown to have an impact on a number of
infant outcomes such as birth weight, Apgar scores, body composition, and neurological
development (Hammer, R.L, 2000); however, it is unknown whether physical activity
during the third trimester of pregnancy effects motor development in the offspring during
the first year of life. There are many common misconceptions about exercising during
pregnancy, and many people assume exercise during pregnancy could hinder the
development of the child inside the womb. However, the research shows the opposite.
Not only has exercise during pregnancy been shown to contribute to improved
physiological and psychological well-being in mothers and their babies, but exercise
during pregnancy may elicit improvements in brain function in the offspring. Infants born
to exercising pregnant women had higher neurobehavioral scores as early as five days
after birth (Clapp III, et al., 1999). Further, a relationship between early motor
development and later cognitive function, allowing for better predictions of gross motor
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trajectory, working memory, and processing speeds in children has been reported (Piek,
et al., 2008); thus, the long-term implications of early motor development scores are
substantial.
Postpartum factors have been studied during infancy. Both sleeping position and
the appropriate duration of breast-feeding have been topics of controversy within this
field of research. Studies suggest that infants who are exclusively breast-fed for a longer
period of time often begin crawling and walking at an earlier age (Dewey, et al., 2001).
Prone sleepers have also been found to achieve these milestones sooner than supine
sleepers, which may lead to correlations between “tummy time” and motor development
(Davis, et al., 1998). Determining the factors that impact motor development provides
parents and pediatricians a better understanding of the ways their own choices and
behaviors can influence their child’s motor skills. If a child is below average at a checkup during early infancy, altering one of these influential factors could improve their rate
of development. Knowledge of these factors can also assist parents with keeping their
infants on schedule developmentally. If a child is successively scoring in the same
percentile on motor development tests, the parents or pediatricians could have better
insight as to how the child will score in the future, thus making them aware of potential
future delays in cognitive or neurological functioning capacities and abilities.
The relationship between prenatal exercise (and other modifiable factors) and
motor development in infants has not been studied. In addition, the relationship between
motor scores in early (4 month) and late (12 month) infancy have not been examined. The
objective of this experiment was twofold: 1) to determine what factors most strongly
influence infant motor development scores at both stages of examination, and 2) to

3

determine the relationship between infant motor development at 4 months and 12 months
of age.
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Chapter 2. Background
Physical Activity during Pregnancy
Physical activity during pregnancy is a topic of debate between advocates of
exercise and those unaware of its benefits. Upon conception and throughout pregnancy,
mothers often reduce their physical activity levels whether it be for personal preference,
additional strain added to the body due to the weight of the baby, or from fear of injury to
the child (Clapp, 1996). Studies by the Journal of Obstetrics and Gynecology have
determined that “physical exercise is beneficial for women during pregnancy and also in
the postpartum period; it is not associated with risks for the newborn and can lead to
changes in lifestyle that imply long-term benefits” (Nascimento, S. et al., 2012; Clapp,
1996).
Kardel and Kase researched the effects of various exercise intensities on the fetus
along with the length of labor, birth weight, and Apgar scores (1998). Upon obtaining the
results, it was noted that “there were no differences between the high- and mediumintensity exercise groups” for all categories tested, indicating that there are no adverse
repercussions on the mother or child (Kardel & Kase, 1998). In a similar test, the
offspring of 40 women of exercising and non-exercising backgrounds were
morphometrically and neurodevelopmentally compared. Measurements at birth and 5
years of age demonstrated that there were no differences in head circumference and
height, and the children’s motor, integrative, and academic readiness skills were similar
(Clapp, 1996). Additionally, the offspring of the women who exercised weighed less and
had less body fat, suggesting that there are morphometric benefits of exercise (Clapp,
1996). While these findings do not suggest that exercise has only anthropometric benefits
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for the infants, the study supports the notion that there are no adverse effects on the
aforementioned outcomes (neurological development, motor skills, academic readiness)
from physical activity during pregnancy.
While no studies thus far have indicated a relationship between maternal physical
activity and infant’s motor development, a few researchers have found a correlation
between physical activity and neurodevelopment. During a cohort study of 3792 infants,
it was found that at twelve months of age neurodevelopment was associated with leisure
time physical activity, meaning that infants born to women who were active during
pregnancy scored higher at twelve months of age in the Batelle’s test (Domingues, 2014).
These data indicate that during the first year of life, physical activity during all three
trimesters has positive benefits on the infants IQ and does not negatively impact the
offspring’s cognitive development. The implications of showing such relationships are
substantial as motor performance in infancy is linked to an improved-cognitive function
in school age kids (APS, 2016).
Infant Anthropometrics and Gender (Non-Modifiable Factors)
Studies observing the impact of body weight status on infant motor development
are minimal. Research in this category largely focuses on pre-term infants, whose
cognitive and motor scores are impacted by a multitude of factors other than their size.
However, Mary Hediger et al. found that preterm low birth weight (LBW) infants and
term LBW infants both had lower motor and social development (MSD) scores through
early childhood after controlling for other sociodemographic factors (2002). Based on
these data, preterm and term infants could be grouped into the same category and LBW
resulted in lower MSD scores regardless of gestation age. Additionally, “LBW was the
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most important perinatal predictor of a lowered score (−0.9 ± 0.3 points compared with
normal birthweight, P < 0.04)” in females, and adjusting for muscle deficiency did not
diminish the effects of birth size on MSD (Hediger, M., et al, 2002). Based upon this
study, LBW could impact motor development.
Further looking at factors affecting infancy, Nancy Bayley performed a
longitudinal study of 61 infants, repeatedly testing their motor abilities during their first
three years of life. This study found that “extremely stocky or extremely thin children are
more often handicapped in their motor scores” (1936); thus, maintaining a healthy body
weight during the early years of infancy and childhood is critically important. In support
of these findings, a longitudinal study observing African American mother-infant pairs
noted that “motor delay was 1.80 times as likely in overweight infants…and 2.32 times as
likely in infants with high subcutaneous fat” (Slining, M. et al, 2010). These findings
suggest that not only does low birth weight impact motor scores, but high birth weight
can have an effect as well.
Research regarding the impact of gender on early motor development is sparse.
Studies pertaining to this topic often evaluate parental bias towards the achievement of
motor milestones as gender often has no effect on resulting scores. In a study executed by
Emily Mondschein et al., mothers’ expectations about their infant’s crawling abilities at
11-months were evaluated and compared to their actual performance (2000). Although
the mothers of girls underestimated their performance and mothers of boys overestimated
their performance, the males and females revealed identical levels of motor performance
(Mondschein, E.R., et al., 2000). This study indicates that gender has no impact on motor
development within the first year of life.
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Infant Feeding Practices
The age at which complementary foods should be added to an infant’s diet is a
somewhat controversial topic. The World Health Organization specifies that these foods
be introduced between 4-6 months of age while the American Academy of Pediatrics
recommends around 6 months (Dewey et al., 2001). Based upon a study of infants in
Honduras, exclusive breastfeeding (EBF) results in the achievement of motor milestones
at an earlier age than if the infants were introduced to solid foods (Dewey et al., 2001).
The common milestones achieved within the first year of life consist of raising the head,
rolling over, crawling, sitting from the lying position, standing with assistance, pull-tostand, walking with assistance, standing alone, and walking alone. The major differences
seen within this study were the age at which the children could sit, crawl, and walk.
Infants in the EBF group were able to sit at an earlier age (P = 0.09) and “were more
likely to have walked by 12 months than infants in the [solid foods] groups (60 versus
39%)” (Dewey at al., 2001).
While Dewey et al. only focused on the effects of feeding practices within the
first year of life, Grace et al. performed a longitudinal study that assessed individuals at
10, 14, and 17 years of age. After controlling for the child’s sex, maternal age, alcohol
intake, family income, hypertensive state, gestational stress and mode of delivery it was
found that infants that were breastfed longer than 6 months had improved motor
development outcomes at all time points in comparison to infants that were breastfed for
less than 6 months (Grace et al., 2016). Supporting this claim that feeding practices early
in an infant’s life influence motor development throughout childhood and adolescence
are the results of a study performed by Leventakou et al. in Greece. Through recent
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analysis, a relationship between early motor development and later cognitive function has
become more pronounced, allowing for better predictions of gross motor trajectory,
working memory, and processing speeds in children (Piek, 2008). Due to the association
between breastfeeding and “improved cognitive development in children,” one may also
associate the duration of breastfeeding with receptive communication, expressible
communication, fine motor development, and gross motor development (Leventakou et
al., 2013). The research indicated that children that were breastfed longer than 6-months
had increased scores in cognitive, language, and motor development at 18 months of age,
demonstrating that not only does breastfeeding influence motor development within 1
year of age or later in life (childhood and adolescence), but it impacts skills achieved
while during the toddler years as well (Leventakou et. al, 2013).
Infant Sleeping Position
Following the release of the American Academy of Pediatrics (1992)
recommendation that “healthy infants, when being put down for sleep, be positioned on
their side or back,” many families have refrained from putting their infants to sleep in the
prone position. It is widely accepted that allowing the infants to sleep in the prone
position puts them at higher risk for sudden infant death syndrome (SIDS), which causes
most families to understandably disregard the possible positives of this sleeping position
in preference for safety. Subsequent to this change in sleeping position was the increase
in age that infants were reaching important motor milestones (Davis, 1998). Years later,
Davis et al. conducted a study on 351 infants during their first 6 months of life to
determine at what age prone-sleepers or supine-sleepers accomplished certain motor
milestones. Although every infant in the study “achieved all milestones within the
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accepted normal age range,” the infants who slept in the prone position achieved the
following milestones earlier: rolling prone to supine, tripod sitting, creeping, crawling,
and pulling to stand (Davis, 1998).
In a longitudinal study assessing children’s early motor development, researchers
found that infants who slept in the supine position until 6-months of age “had slower
gross and fine motor development” compared to those that slept prone or on their sides
(Lung & Shu, 2011). However, this study also determined that the effects of sleep
position on motor development dissipated at the eighteen- and thirty-six-month markers
(Lung & Shu, 2011). Although sleeping position has only been found to impact an
infant’s development within the first 6-months of life, once a child begins the prewalking progression, it becomes relatively easy for clinicians to predict when they will
begin creeping and walking as well (Bayley, 1936). The decision a parent makes
regarding sleeping position immediately postpartum has the potential to affect the child’s
motor milestones achieved during infancy, along with motor development in later years.
However, due to the risk of SIDS and the strong recommendations made by the American
Academy of Pediatrics, it is still recommended to put infants on their back to sleep,
despite any possible motor benefits of sleeping prone.
Infant Time Spent on the Stomach (“tummy time”)
The positions in which an infant spends their time during wakeful play hours
contributes to motor development. Since 2001, the “Prone to Play” campaign has been
ongoing but with a lack of knowledge about the exact ‘dosage effects’ the infant needs.
Yu-Ling Kuo et al. investigated the effects of “prone wakeful positioning at 3 to 6
months of age on motor development during the 6 to 24 months age bracket” by
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recruiting 288 full-term newborn infants (Kuo, 2008). The results indicate that increased
time spent in the prone position “significantly affected the acquisition of 3 prone specific
milestones (rolling, crawling-on-abdomen, crawling-on-all-fours) and sitting” (Kuo,
2008). Most basic movement milestones during infancy are performed or begun in the
prone position—the transition from the stomach onto all fours is much easier than
accomplishing this task from the back, and an infant has a greater ability to push their
hands and legs into the ground to roll or accomplish movement when on their stomach—
which may explain why the most successful motor skills achieved in Kuo’s research were
begun from this position.
While there are few studies that observe motor development among healthy, fullterm children, there are multiple studies that focus on infants that are pre-term or born
with other complications. A prominent group of study are those with Down syndrome
due to their variety of cognitive and motor delays. Based upon a study including 19
infants with Down syndrome, early implementation of “tummy time was effective in
reducing motor delay” and was an important first step in early intervention (Wentz,
2017). Beginning this ‘tummy time’ intervention before 11 weeks was shown beneficial
as early as 1, 2, and 3 months afterwards when compared to infants who received
intervention after 11 weeks (Wentz, 2017). If time spent in the prone position has been
proven to reduce delays in children with developmental disorders, then implementing
‘tummy time’ in healthy children should also enable the infants to reach these milestones
during the expected age range, or even well before hand.
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The Impact of Siblings
Little research has been done analyzing the effects that older siblings and other
playmates have on infant development. Within a single home, milestone onset patterns
vary greatly based on the number of siblings, the age of the siblings, and family
dynamics. Berger and Nuzzo studied the competing theories regarding the positive or
negative impacts older children have on motor development of their siblings, further
proving that each situation is unique. In some families, the infant’s achievement of
certain milestones was “facilitated by imitating or modeling their own older siblings,”
causing them to acquire these skills at an earlier age (Berger & Nuzzo, 2008). In others,
however, parental resources and an attention split between the siblings caused the infant
to crawl or walk at a significantly later time compared to their older sibling (Berger &
Nuzzo, 2008). One explanation that accounts for this disparity is the age range between
siblings. If the older sibling was “sufficiently independent”, they could take on a tutoring
role while also freeing up time for the parents to focus on the newborn (Berger & Nuzzo,
2008). While the presence of older children may have a variety of effects in motor
development during the early stages of infancy, evidence suggests that most responses
are positive as the children reach a greater level of independence.
The Relationship between Motor and Cognitive Development
Motor and cognitive development is rapid among infants. Not only is infancy a
critical time of growth during the child’s life, but there is a definitive relationship
between “motor coordination and mental abilities during the first 15 months of life”
(Bayley, 1936). Thus, assessing motor development, which is simple and non-invasive,
can be representative of brain development, which is complicated and invasive to assess.
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After 15 months of age, children begin to develop skills that include adult behavior
patterns resulting in a greater difficulty of comparing testing measures; “as maturation
progresses, there is a gradual increase in functional independence of motor and
intellectual abilities” (Bayley, 1936). Additionally, increments of growth begin to
decelerate at the 21-month mark and correlations between scores for tests given more
than 6 months apart decreases (Bayley, 1936).
Recent studies have found a strong relationship between the motor and cognitive
abilities of children. Most of the research relates early motor development to cognitive
function later in life, allowing parents to detect children who are at risk for various delays
and disorders prior to the age at which they begin school. Piek et al. found a significant
predictive relationship between “gross motor trajectory information and the subsets of
working memory and processing speed,” further supporting a potential cause-and-effect
relationship (2008). If motor scores obtained at 4 months of age can predict cognitive
performance at 4 years of age, and motor scores tend to correlate with mental scores
during the first 15 months of life, then early motor scores could potentially predict the
rate at which infants achieve motor milestones.
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Chapter 3. Methods
Study Design
This study was conducted in four stages. The first stage focused on collecting
maternal physical activity during pregnancy. Participants were required to participate in a
study visit during pregnancy in which physical activity of the mother was assessed. The
second stage of research was conducted to determine the anthropometrics of the mother
and child at birth. The third stage of research was conducted to determine the infant’s
motor development percentile at 4-months old. Participants were recruited for a single
visit for this stage, during which a pediatric physical therapist performed the Alberta
Infant Motor Scales (AIMS) test on the infant. The fourth stage of research was
conducted to determine the infant’s motor development percentile at 12-months old.
Participants were recruited for a single visit for this stage, during which the same
pediatric physical therapist performed the Peabody Developmental Motor Scales Second
Edition (PDMS-2) test on the infant.
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Figure 1. Four Stages of Research Collection

Motor visit scheduled
at Medical Center
after infant’s first
birthday

Motor visit scheduled
at Medical Center
after infant reached 4
months

Object
Manipulation

Stationary

15

Participant Demographics
Thirty-one Caucasian (n=31) mother-infant pairs participated in this study. All of
the women were between the ages of 18-44. Each woman had plans to deliver at The
Medical Center in Bowling Green, KY and their physicians released them to participate
in the study procedures. The women were required to complete normal routine, standard
of care gestational diabetes screenings and had a confirmed singleton viable pregnancy
with no fetal abnormalities at routine 18-22 ultrasonography. Women were not allowed to
participate if they had a multiple gestation pregnancy, currently used drugs, smoked, or
took daily medications (corticosteroids or anti-psychotics), had a history of gestational
diabetes, or had dietary restrictions.
Informed Consent
Upon arrival for each visit, mothers were required to fill out an informed consent
form. The specific process for each stage was explained aloud, and the participants were
given time to read through the document. Mothers were asked to complete a photo/video
release form, along with a form verifying that they had been fully compensated ($35 per
visit).
Exercise during Pregnancy Data
During a visit to the WKU Physical Therapy Exercise Laboratory, participants
were given an ActiGraph Link Accelerometer (ActiGraph LLC, Pensacola, FL) to
objectively measure their self-reported physical activity levels. The Link was placed on
the non-dominant wrist. Data was collected for seven consecutive days at 30 Hz. The
accelerometer data was sampled by a 12-bit analog-to-digital converter. The percentage
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of time spent sedentary, as well as the amount of time spent participating in different
categories of physical activity (light, moderate, or vigorous) was calculated using
algorithms corresponding to the following activity counts: sedentary: 0 - 99 counts/min,
light: 100 - 759 counts/min, lifestyle: 760 - 1951 counts/min, moderate: 1952-5724
counts/min.
Anthropometrics
At the same visit to the Exercise Laboratory, the mother’s height, weight, and
vitals were taken. Maternal body fat percentage and body composition was measured
using standard skinfold anthropometry. Seven skinfold sites were measured (Harpenden
Skinfolds Caliper, Baty International, United Kingdom) and each skin fold thickness was
entered into a standardized equation that accounted for age.
Upon the infant’s birth, labor and delivery nurses measured neonatal weight,
length, and head circumference. Neonatal body composition was measured using
standard skinfold anthropometry, testing the same seven skinfold sites that were
measured for the mothers, within 48 hours of delivery.
Infant Behaviors/Factors
At delivery, monthly surveys were delivered to participants regarding information
on time their infant spent in different positions (supine, prone, standing), infant feeding
practices (breast-fed vs. formula-fed), and other factors that could contribute to infant
motor development during the first year of life (Appendix 2). The surveys provided space
to record the requested information at 4 months and 12 months.
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4-Month Motor Development Study Visit
Assessments of the infant at 4 months of age comprise the third phase of research
for this study. Through email, the study team reached out to each of the mothers that
completed the physical activity testing during pregnancy. They were scheduled to come
in after their child had reached 4 months of age (they must be over 4 months to utilize the
AIMS scale properly). Each visit occurred in the Physical Therapy Exercise Laboratory
at the Medical Center, and were allotted a 1-hour time span to ensure adequate time was
spent on each child. The tests were administered by Dr. Karen Furgal, a licensed physical
therapist who is a Board-Certified Pediatrics Clinical Specialist, and were supervised by
Dr. Rachel Tinius. The test performed was the Alberta Infant Motor Scale (AIMS), a
well-established test to determine infant motor development percentiles (Appendix 3).
The AIMS test consists of 58 items and assesses the infant in 4 positions: prone (21
items), supine (9 items), sitting (12 items), and standing (16 items). The type of motor
performance being tested consists of weight-bearing, posture, and antigravity movements.
Scoring is based upon whether the item was ‘observed’ or ‘not observed’, and the “motor
window” upon which the scores were based was comprised of the most and least
advanced skill seen (Piper & Darrah, 1994). All sessions were videotaped so they could
be re-reviewed, as needed, by Dr. Furgal to ensure high quality assessment and scoring.
12-Month Motor Development Study Visit
Assessments of the infant at 12 months of age comprise the fourth phase of
research for this study. Through email, we reached out to each of the mother-infant pairs
that completed the AIMS study visit at four months old. They were scheduled to come in
within a 2-week window after the infant’s first birthday. Each visit occurred in the
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Physical Therapy Exercise Laboratory at the Medical Center, and were allotted a 1-hour
time span to ensure adequate time was spent on each child. The tests were administered
by Dr. Karen Furgal, a licensed physical therapist who is a Board-Certified Pediatrics
Clinical Specialist, and myself, and were supervised by Dr. Rachel Tinius. The test
performed was the Peabody Developmental Motor Scales Second Edition (PDMS-2) test
(Appendix 4). This test consists of 6 different sections: reflexes, stationary, locomotion,
object manipulation, grasping, and visual-motor integration (Folio & Fewell, 2000). To
determine a gross motor score that could be compatible with the AIMS scores, only three
of the six categories were tested: stationary, locomotion, and object manipulation. These
three categories were compiled to create a score of the infant’s motor development. This
score was converted to a percentile and compared to the infant’s score on the AIMS test
at four months and the mother’s physical activity levels during pregnancy.
PDMS-2 Testing Categories
Stationary (St) - This subtest measures a child's ability to sustain control of the body
within its center of gravity and retain equilibrium.
Locomotion (Lo) - This subtest measures behaviors that children use to transport
themselves from one place to another, such as crawling, walking, running, hopping, and
jumping forward.
Object Manipulation (Ob) - This subtest measures a child's movements needed to catch
and throw objects. Because these skills do not become apparent until a child reaches 11
months of age, this subtest is only given to children ages 12 months and older.
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Statistical Analysis
For the 4-month visit, the total score of all four categories of the AIMS was
converted to a percentile and compared to the mother’s physical activity levels during
pregnancy. In addition, the AIMS percentiles were correlated using Pearson Product
Moment Correlation Coefficient to the following modifiable and postpartum factors:
infant birth length, infant birth weight, feeding practices, sleeping position, time spent
awake in the prone position, and the presence of siblings in the home. In addition, the
PDMS-2 percentiles and AIMS percentiles were correlated to each other using Pearson
Product Moment Correlation Coefficients. Further, logistic regression was used to
determine whether 4-month scores could predict 12-month scores. Correlations were also
conducted to look at the relationship between 12-month motor scores and the following
factors postpartum: infant birth length, infant birth weight, feeding practices, sleeping
position, time spent awake in the prone position, and the presence of siblings in the home.
All data was stored using REDcap electronic software. All statistics were conducted
using SPSS version 25. The p-value of 0.05 was used to determine statistical significance.
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Chapter 4. Results
Participant Characteristics
Mean ± SD or
# of Women (%)

N=31
Age (years)

30.4 ± 4.0

Body Fat (%)

23.5 ± 5.8

Height (cm)

166.1 ± 5.7

Weight (kg)

69.3 ± 17.2

Income ($)

92335.7 ± 47890.4

Education
High school diploma
Some college
College degree
Post-graduate degree
Ethnicity
Caucasian
Table 1. Maternal Characteristics.

1 (3%)
2 (6%)
12 (39%)
16 (52%)
31 (100%)

Mean ± SD
or # of infants (%)

N=31
Birth Weight (kg)

3.5 ± 0.5

Birth Length (cm)

51.5 ± 2.4

Gender
Female
Male
Gestation Age at Delivery (wk)

10 (33.3%)
20 (66.7%)

Head Circumference (cm)

33.0 ± 2.6

Table 2. Infant Characteristics.

39.4 ± 1.2
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Physical Activity during Pregnancy
During the third trimester, maternal physical activity was categorized based upon
the amount of time they spent exercising during a single week. The average amount of
time (%) the women spent sedentary was 57.2 ± 12.6. The average amount of time (%)
the women spent participating in light activity was 31.4 ± 9.2. The average amount of
time (%) the women spent participating in moderate activity was 11.4 ± 4.6. The women
were also categorized based upon self-reported surveys (Table 3).
Amount of Exercise per Week

# of Women

None

8 (26%)

Once a week

5 (16%)

2-3 days a week

10 (32%)

4-6 days a week

6 (19%)

Everyday

2 (7%)

Table 3. The amount of physical activity each woman self-reported participating in
during pregnancy.

There was no association between infant motor development percentiles at 4
months and time spent sedentary (r=-0.031, p=0.874), time spent participating in light
activity (r=0.059, p=0.764), and time spent participating in moderate activity (r=-0.034,
p=0.865) during the third trimester of the mother’s pregnancy. Infant motor development
percentiles at 12 months were not associated with time spent sedentary (r=-0.134,
p=0.634), time spent participating in light activity (r=0.213, p=0.447), and time spent
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participating in moderate activity (r=-0.050, p=0.858) during the third trimester of the
mother’s pregnancy.
Infant Anthropometrics
At the 4-month testing session, females had a slightly higher average motor scale
percentile (62.1 ± 23.3) than the males (52.7 ± 22.0). At time of the 12-month test,
average female percentile scores (50.0 ± 23.7) and average male percentile scores (50.7 ±
14.6) were nearly identical. There was no significant difference between motor score
percentiles at 4-months (p=0.547) or at 12-months (p=0.696).
The average infant weight at the 4-month check-up was 6.35 ± .75 (kg) and the
average infant length was 62.9 ± 2.3 (cm). There was no correlation between infant motor
scale percentiles and these values. There were no significant associations between 4month motor scores and infant birth weight (r=0.269, p=0.151) or infant birth length
(r=0.226, p=0.230). The average infant weight at the 12-month check-up was 9.5 ± 1.1
(kg) and the average infant length was 77.2 ± 3.7 (cm). There was a moderate, and almost
significant correlation between infant weight at 12 months and infant motor scores
(r=0.54, p=0.08). There was no association between infant motor scores at 12-months and
infant length. There was a moderate association between motor score percentiles at 12
months of age and infant birth weight (r=0.553, p=0.026), and a moderate association
between motor score percentiles at 12 months of age and infant birth length (r=0.637,
p=0.008). Both correlations were significant.
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Motor Score Percentile vs. Birth Weight
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Figure 2. The relationship between infant birth weight and motor scale percentiles at 12months.

Motor Score Percentile vs. Birth Length
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Figure 3. The relationship between infant birth length and motor scale percentiles at 12months.

58

24

Infant Feeding Practices
The mean motor scale percentile for infants at 4-months that were exclusively
breast fed was 60.4 ± 20.3. The mean motor scale percentile for infants who did not drink
breast milk at 4-months was 31.4 ± 16.8. Infants who were still exclusively breastfed at 4
months had a significantly higher motor score percentile compared to those who were on
formula (p=0.006). However, there is not a significant difference between feeding
practices when accounting for those that combine breastmilk and formula.

*

Figure 4. AIMS Percentile in Breastfed vs. Formula-Fed Infants (mean ± SE) (*p<0.05)

Figure 5. AIMS Percentile based upon Feeding Practices (mean ± SE).
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The mean motor scale percentile for infants at 12-months that still consumed
breast milk was 49.5 ± 21.7. The mean motor scale percentile for infants at 12-months
that no longer consumed breast milk was 54.8 ± 14.2. By 12 months, breastfeeding status
did not impact motor scores (p=0.576).

Figure 6. PDMS-2 Percentile in Breastfed vs. Formula-Fed Infants (mean ± SE)

Infant Sleeping Position
Data indicates a possible relationship between sleeping time on the stomach and
4-month motor scores (r=0.364, p=0.11).
Infant Time Spent on the Stomach (“tummy time”)
There was not a significant relationship between infant motor scores and the total
time an infant spent in prone (“tummy time”) over the course of a week at 4 months (r=0.074, p=0.751) or at 12 months (r=-0.069, p=0.840).
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The Impact of Siblings
There was no difference in motor scores at 4-months between infants that had
siblings (54.1 ± 25.8) and those that were an only child (57.4 ± 17.9). The difference
between scores at this time point was insignificant (p=0.700). Infant motor scores at 12
months of age were slightly, but not significantly, higher for infants with siblings (56.4 ±
20.4) compared to those that were an only child (45.0 ± 10.9). The difference between
scores at this time point was insignificant as well (p=0.230).
Motor Scores
The average AIMS Motor Score evaluated at the 4-month mark was 18.2 ± 3.4. A
more meaningful expression of scores for standardized testing is to report as a percentile
rank. The corresponding AIMS percentile (%) at 4-month testing was 55.5 ± 22.4. The
average PDMS-2 Motor Score evaluated at the 12-month mark was 30.3 ± 3.7. The
corresponding PDMS-2 percentile (%) was 52.1 ± 17.9. Infant motor development
percentiles at 4 months were positively correlated to infant motor development
percentiles at 12 months (r=0.649, p=0.009) indicating a significant relationship (Figure
1). A simple linear regression was calculated to predict 12-month motor percentiles from
4-month motor percentiles. A significant regression equation was found (F(1,13)= 9.455,
p=0.009), with an R2 of 0.421.
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AIMS Motor Score (%)
PDMS-2 Motor Score (%)
8
8
24
35
24
39
24
61
41
35
41
39
51
77
60
45
60
61
60
65
69
50
84
61
85
55
89
61
97
65
Table 4. Motor Score Percentiles for the AIMS test in relation to Motor Score Percentiles
for the PDMS-2 Test.

Figure 7. The relationship between motor score percentiles for the AIMS test (4-months)
and the PDMS-2 test (12-months).
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Chapter 5. Discussion
The objectives of this study were twofold. The first goal was to determine what
factors during pregnancy and postpartum were most related to infant motor scores at four
months and twelve months of age. The factors we investigated were maternal physical
activity during the third trimester of pregnancy, infant anthropometrics at birth (length
and weight), gender, feeding practices during infancy, infant sleeping position, the
amount of time the infant spent in the prone position while awake, and the presence of
siblings. The second goal was to determine whether infant motor scores at successive
stages were predictive of one another.
Physical Activity during Pregnancy
The first factor we observed pertained to the amount of time the mother spent
exercising throughout a single week during the third trimester of pregnancy. Previous
studies found that there are benefits of physical activity for the mothers and there are no
adverse risks or effects on the offspring (Nascimento, S. et al., 2012). Within our study,
physical activity was categorized into sedentary, light, and moderate levels to determine
whether physical activity as a whole had an impact on motor development, or whether
certain intensities of physical activity resulted in varying motor scores. Previous research
has shown that different intensities of exercise can have different impacts on infant
outcomes such as body composition (Bisson, M., et al., 2016). Research by Kardel &
Kase suggests that there are no differences between length of labor, infant birth weight,
and Apgar scores between women who participated in high vs. medium intensity exercise
during pregnancy, indicating that exercise levels may not affect infant motor scores
(1998). While our study design allowed us to look at the impact of varying exercise
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intensities on motor outcomes in infants, physical activity during pregnancy did not
appear to have any impact on infant motor development scores. At the four months mark,
there was no relationship between infant motor score percentiles and any level of
physical activity. The lack-of correlation between each intensity of physical activity and
the infant motor percentiles suggests that exercise does not change the degree of early
motor development. However, these findings also suggest that higher intensity activities
do not negatively impact the child’s ability to achieve milestones, which previous
research suggested. At the twelve-month mark, there were no relationships between
motor score percentiles and any intensity of physical activity either. Not only does
maternal physical activity have no impact during early infancy, but it also appears it does
not have an impact on motor scores in late infancy (12-months).
Although this study does not suggest that maternal physical activity will aid
infants in achieving motor milestones at a faster rate, it negates the beliefs of many that
believe exercise during pregnancy could be harmful to the unborn child. One limitation of
our data collection is that the women’s physical activity during pregnancy data was
collected over the course of a single week during the third trimester. Women are pregnant
for an average of 40 weeks and the third trimester typically lasts 12 weeks total, meaning
that the amount of information we collected was only a small sampling. If data had been
collected over a longer period of time, the amount of physical activity may have changed
and could have changed our associations. However, after collection of an entire week of
objective data, we feel that during late pregnancy, it was likely representative of a typical
week.

30

Infant Anthropometrics
At birth, the factors we looked at were infant length, infant weight, and the gender
of the child. Research done regarding infant’s birth length is minimal, as many studies
focus on the weight of the child. Hediger et al. found that low birth weight infants had
lower motor and social development scores than normal birth weight infants, and Slining
found that overweight infants often had motor delays (2002; 2010). At the four-month
mark in our study, there were no relationships between infant birth length or infant birth
weight and infant motor score percentiles. By twelve months, there was a significant
moderate relationship between both infant birth weight and infant birth length and infant
motor score percentiles, suggesting that anthropometrics of the child at birth may play a
role in motor development later in life. While there was not a curve in our data that
indicated children with the highest weight had lower motor scores, children that weighed
the least amount often performed more poorly. Additionally, an outlier in our data that
had the lowest birth length and the second to lowest birth weight scored much lower than
the rest of the infants at the twelve-month testing session.
The primary motor skills an infant is capable of at 4 months of age all stems from
the stomach or the back. At this stage, the infant’s torso typically remains in the same
position and they only move their limbs or their head. Actions such as rolling are also
produced based upon pressing of the extremities into the surface and turning of the head.
The other positions examined, sitting and standing, are both achieved with assistance at
this age, and focus on the infant’s center of gravity opposed to the achievement of these
skills. Due to these factors, an infant’s weight or length would not play a large role in the
accomplishment of motor skills at 4-months because they do not involve independent,
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upright weight-bearing activities. However, once the child reaches a year, the primary
motor skills revolve around walking and balancing in a stationary position which has a
greater dependence on the infant’s ability to control and distribute their center of mass
against gravity.
Previous research on the impact of gender on motor outcomes is sparse. Most
research is based upon parental bias and compares infant motor scores to the mother’s
perceptions on how they believe the child will score. A study looking at mother’s
expectations about infant crawling revealed the belief that male performance is most
often overestimated while female performance is often underestimated (Mondschein,
E.R., et al., 2000). Regardless of this perception, the data indicated that there was no
difference between male and female levels of motor performance. In our study, females
had a slightly, but not significantly, higher motor score percentile average than the males
at four months. At twelve months, infant motor score percentiles were nearly identical
between males and females, matching the results of the study mentioned. While physical
abilities and motor performance are known to change throughout childhood, infant motor
development is not impacted by gender and treatment of children should remain the
same.
Infant Feeding Practices
The factors we looked at throughout infancy were feeding practices, sleeping
position, the amount of time the infant spent on the stomach, and the influence of
siblings. The most influential finding from this study was based upon infant feeding
practices up until four months of age. Research by organizations such as the World
Health Organization and the American Academy of Pediatrics all indicate that
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complementary foods should not be added to an infant’s diet until at least 4-6 months.
Children who are breastfed until this age achieve motor milestones at an earlier age than
those who are introduced to solid foods or are formula fed (Dewey at al., 2001), and our
findings were consistent with this study. At the four-month testing session in our study,
there was a significant strong association between infant motor score percentiles and
infants who were strictly breastfed at that point in time. The difference between the
average motor percentiles of each group was significant, supporting the claim that
exclusive breastfeeding during the first four months is highly beneficial to the child’s
development.
While many studies suggest that continuing to breastfeed children past 6-months
continues to improve motor development (American Academy of Pediatrics), our study
found that there was no longer a relationship between infant motor percentiles and
feeding practices at the twelve-month mark. However, this should be interpreted carefully
as the lack of correlation could have to do with our samples size, which is due to the
timing of the fourth phase of the study (i.e. many infants were already over a year when
the grant funding for this study was obtained). There were 31 mother-infant pairs that
participated in the four-month motor visit, but only 16 infants returned for testing at
twelve-months. Additionally, the options for feedings practices increased substantially
from four-months to twelve-months; surveys collected at four-months only gave the
mother’s three options (breastfed, formula, or combination) while surveys collected at
twelve-months included cow’s milk, solid foods, and a combination of each with the
previous mentioned options. The addition of so many options may have made it too
complex to accurately evaluate the data.
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Infant Sleeping Position
The notion that sleeping in the prone position puts infants at a greater risk for
SIDS has caused discrepancies in thought about the effects of sleeping position.
Following the recommendation that infants be put to sleep on their side or back, the
achievement of important motor milestones was delayed (Davis, 1998). Lung and Shu
found that infants who slept on their back until six months of age often had slower gross
motor development, but the effects often dissipated by eighteen months of age (2011).
Data collected at four months of our study demonstrated a trending relationship between
infant motor score percentiles and the prone sleeping position, suggesting that sleeping
on the stomach during early infancy may impact motor development. A conclusive
relationship would require further testing of this category and a more efficient protocol
for recording this information. An issue with data collection within this category pertains
to the surveys that the mothers filled out. During the first year of life, infants sleep more
often than they are awake and in a variety of positions. Mothers may place their children
in different positions based upon their mood/behavior, and let them sleep on different
surfaces when they are napping opposed to sleeping during the night. The surveys
allowed mothers to circle more than one category and did not specify whether the child
was on their stomach or back if in the crib—causing us to rely on interpretation. In
addition, asking women to accurately recall information from the early months of the
postpartum periods comes with limitations as women are often sleep-deprived and very
busy, not to mention, our surveys were subjective and we did not have any way to
objectively assess infant positioning. Similar to the conclusion made by Lung and Shu
that effects of sleep position dissipate as children age, our study indicates that at twelve
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months, there was no relationship between sleeping position and infant motor score
percentiles.
Infant Time Spent on the Stomach (“tummy time”)
“Tummy time,” or the amount of time an infant spends in the prone position, is
another topic that resulted in surprising outcomes from our study. “Tummy time” is an
important factor associated with increased motor development during infancy and is
supported by the “Prone to Play” campaign. Not only is time spent in the prone position
beneficial in reducing motor delays, but it can positively affect the achievement of
rolling, crawling on-all-fours, and crawling-on-abdomen (Wentz, 2017; Kuo, 2008). This
position is recommended as a tool to strengthen the neck, back, and arm muscles of the
infant, which would lead to average or accelerated achievement of motor milestones;
however, our data indicate no significant relationship between the variables. The results
of our study do not complement data found by other researchers; at four and twelve
months, there was no relationship between the amount of time an infant spent awake in
the prone position and infant motor score percentiles. This information could have been
affected due to the form in which data was collected. In future studies, surveys would be
given to the mother during a single month, opposed to multiple, and would be presented
in a simpler fashion. Instead of providing a chart with fill-in-the-blank answers, mothers
would be given fewer options to choose from and questions based upon duration would
be answered as “greater than” or “less than” significant time amounts (determined in
advance based upon recommendations by professional organizations).
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The Impact of Siblings
Analysis of the impact siblings have on infant development is controversial. The
achievement of motor milestones could be facilitated through imitation of their siblings,
but also hindered if the siblings are not old enough to independently function on their
own (Berger & Nuzzo, 2008). For our study, there was no difference in motor scores at
four months between infants who had siblings and those who were an only child. The
ability level of infants at four months of age is very limited, and rolling is typically the
highest achievement an infant will accomplish without assistance. All other tasks require
the help of an adult, to hold them up, or someone to hold a toy above them as an initiator
of movement, which a sibling may be able to assist with. Infant motor scores at twelve
months of age were slightly, but not significantly, higher for infants with siblings
compared to those that were an only child, which may indicate that siblings impact motor
development during later stages of life. By the twelve-month mark, infants are often
crawling, walking, and manipulating a variety of objects which would allow them to play
with siblings at a greater capacity. At this stage, siblings could have greater influence on
the infant’s motor development by encouraging them to model their behavior and mimic
their movements. Although motor percentiles were slightly higher for infants with
siblings at this time point, further investigation would be needed to conclusively find a
relationship.
Motor Scores
The second goal of this study was to determine whether motor scores at
successive stages were predictive of one another. In a study done by Nancy Bayley,
children’s motor and mental development was tested over the course of 3 years (1936).
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While a definitive relationship was found between mental and motor development during
the first 15 months of life, scores in the three motor categories (coordination, motion, and
antigravity responses) did not have a predictive relationship when administered at
successive stages (Bayley, 1936). When analyzing the infant motor scores in our study, a
significant strong relationship was found between infant motor score percentiles at four
months and infant motor score percentiles at twelve months. After the calculation of a
simple linear regression equation, we found that infant motor percentiles at twelve
months could be predicted from infant motor percentiles at four months, indicating that
infant motor development is related at successive stages. This data opposes the notions
indicated by Bayley stating that coordination and motion categories were not predictive,
suggesting that during the first year of life there is a trend between infant motor scores. If
a child scores above average at four months of age, they are likely to test above average
at twelve months of age and vice versa. The achievement of motor milestones informs
parents and pediatricians that the child has a normal progression of development, and the
relationship between motor scores at successive ages allows parents to potentially make
this assessment at an earlier period in time. These results are important not only to help
parents determine whether their child is progressing physically at a normal rate, but could
also allow parents to catch cognitive and neurological delays at an earlier time as well.
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Major Findings
1. There is a significant correlation between motor scores at 4-months and motor scores at
12-months, indicating a predictive relationship for the achievement of motor milestones
and development.
2. Infants born from mothers who continued to breastfeed until the 4-month mark had
higher motor score percentiles, further supporting claims that breastmilk strongly
impacts motor development during the first couple months of life.
3. Sleeping on the stomach may influence motor development during early infancy,
although we are not recommending this per the APA.
4. There is a significant correlation between infant birth weight/length and motor
percentiles at 12-months, indicating a predictive relationship between infant
anthropometrics and motor development later in life.

While many of the factors tested did not result in significant positive correlations
with infant motor score percentiles, there were no significantly negative correlations
detected. Although participating in certain practices may or may not improve the infant’s
development, the lack of a relationship between various factors suggests that none of
them cause harm to the child or result in delays in development.
Limitations of the Study
Cooperation from pregnant women and those with newborn infants is very
difficult to achieve. During the postpartum period, scheduling the motor visits took effort
from both parties, and finding a time that the testing lab was open, the pediatric physical
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therapist available, and the mothers and infants were available was challenging,
especially as most of the women were recently back to work. Babies at both time points
were weary of strangers, and this caused many issues when we had a fussy baby that
needed the mother to be close by during testing. In addition, mothers often brought other
children to the study visit and thus, the mother was constantly juggling entertaining her
other children while also assisting in the motor study visit.
One of the largest issues we came across was the information provided by the
surveys. Although we sent the package of forms to the mothers immediately after birth,
many did not fill them out until right before their four-month visit. Thus, most of the data
collected on tummy time and sleeping position was done retrospectively, and thus there
may have been some recall bias.
Additionally, our study design did not allow for determining cause and effect. We
were merely able to collect data to determine relationships between variables. During
pregnancy, the mothers carried out their normal exercise regimen opposed to being
assigned to a sedentary, light activity, or moderate activity group. During the postpartum
period, mothers were not assigned certain practices regarding sleeping position, feeding
practices, and positions spent during the infant’s awake period either. All practices were
chosen solely by the mothers and we calculated the data accordingly.
Looking forward, if the study were to be repeated there are many procedures that
would need to be altered. To truly determine cause and effect, a randomized control
clinical trial could be designed. In order to do this, the mothers would need to be placed
into groups and given a specific workout schedule to complete. In addition, the testing
period would need to last a longer period of time than just a single week so that the
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physical activity levels greater represent the whole pregnancy. Postpartum, the motherinfant pairs could also be placed into categories based upon feeding practices, sleeping
position, and “tummy time”; however, this type of study would neither be feasible, nor
ethical since we are working with human subjects. The surveys given to the mothers
would also be modified for ease. Instead of having fill in the blank answer choices, the
questions would ask “yes or no” questions, have fewer amounts of answer choices, or
choose clinically recognized thresholds with a “greater than” or “less than” option (e.g.
tummy time > 90 minutes per day or <90 minutes per day).
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Chapter 6. Conclusion
The choices a mother makes during her pregnancy and postpartum can influence
their offspring’s development well into childhood and beyond. Factors such as nutrition,
maternal physical activity, environmental stimuli, feeding practices, and sleeping position
all have the potential to affect the child’s physical, cognitive, and neurodevelopmental
well-being. The objective of this study was to determine what factors have the greatest
impact on motor development in infants at 4 and 12 months of age, and whether infant
motor development is related at each successive stage.
The specific factors analyzed within this study include maternal physical activity
during the third trimester of pregnancy, infant birth weight and length, feeding practices,
sleeping position, time spent in the prone position, and the presence of siblings in the
home environment. When comparing these factors to the infant’s motor score percentiles
at 4 months of age, the factor that had the strongest relationship was feeding practice.
Infants of mothers who continued to breastfeed the child until this age had significantly
higher motor scores than their counterparts who were formula-fed. Following suggestions
made by the American Academy of Pediatrics to continue breastfeeding the child until 6
months of age could be beneficial to both the mother and the offspring, and result in the
achievement of motor milestones at an earlier point in time. There was a trend between
motor score percentiles and the prone sleeping position, and further testing is warranted.
The remaining factors had little to no relationship with motor score percentiles at this
age.
When comparing these factors to the infant’s motor score percentiles at 12 months
of age, the factors that had the greatest relationship were infant birth length and infant
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birth weight. Both infant birth weight and infant birth length had significant moderate
relationships with the motor score percentiles. While these two factors seem to be
uncontrollable, the choices a mother makes during pregnancy—including nutrition and
diet—can influence not only their personal weight-gain, but also the infant’s
anthropometrics. Understanding a child’s motor potential upon birth, based simply upon
length and weight, may make parents aware and more alert to their child’s development
through infancy and into childhood. The only additional factor that was noticeably
different were that motor scores of those with siblings was slightly higher than those that
were an only child. This observation could be attributed to the fact that skills often
achieved by 12 months consist of crawling, walking, and manipulating objects, which all
enable the children to better interact with the people around them. As the children grow
older, they are better able to mimic older siblings and have a desire to play with them,
possibly encouraging them to accomplish skills at an earlier age. The remaining factors
had little-to-no relationship with motor score percentiles at this age.
The most exciting finding of this study was the relationship between motor score
percentiles at 4 months and motor score percentiles at 12 months. After the calculation of
a regression analysis, we determined a predictive relationship between the motor scores
at successive ages. By determining a predictive relationship between infant motor
development at 4 months and 12 months, pediatricians and parents can feel that if their
child has normal motor development during the early months of life, they are likely to
continue to have healthy motor development through infancy. While sickness, changes in
environment, and the addition or removal of various lifestyle factors could alter the
course of development between these two stages in time, it is still clinically useful to
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understand that in the absence of any major setbacks, healthy motor development is likely
to continue as the baby ages. For a new parent, this early information can be very
reassuring.
With more research to support these findings, our data has potential to be used
clinically. Opposed to waiting until the child is older to make judgements on the state of
their cognitive functions, clinicians and family members can make these realizations
early on and implement a program to correct these delays, or make adjustments to their
home life to change this course of progression. The factors assessed within this study
could be used during these intervention plans and be the first course of action for
improving the child’s development.
One of the most difficult aspects of testing the human species is how unique
every individual is, and how their responses to stimuli vary so greatly. Not only is their
external appearance different, but the systems that make up their neurology function at
entirely different levels. Predicting developmental progression has become a fascinating
line of inquiry. Determining the factors that impact motor development during pregnancy
and early infancy should be of great consideration as decisions at this point in time can
impact a child for the rest of their life. If decisions such as what position to place your
infant in to sleep, or whether to continue breastfeeding or switch to formula can benefit
the infant, the implications should be made aware to parents and pediatricians alike.
Finding a relationship between the achievement of milestones at successive stages is a
step in the positive direction as well, as a predictive relationship may allow mothers to
catch their child’s motor delays, or future cognitive impairments earlier in time. While
there were many questions left unanswered by this research, the study opens doors for
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future testing and lays the groundwork for what factors may need a greater focus in both
research and clinical settings.
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Monthly Survey Questions
1. Where does your baby sleep during the night (circle as many as apply)?
A. Flat crib or crib with a slight crib wedge
B. Inclined sleeper other than a crib (e.g. Rock n Play )
C. Swing
D. Bassinet
E. Co-sleeper
F. In bed with you
2. Where does your baby nap during the day (circle as many as apply)?
A. Flat crib or crib with a slight crib wedge
B. Inclined sleeper other than a crib (e.g. Rock n Play )
C. Swing
D. Bassinet
E.Co-sleeper
F. In bed with you or laying on you
3. In a 24 hour period (including bed times and naps), how long does your baby
sleep? _______________
4. When your baby is placed on their tummy awake (“tummy time”), how do
they respond?
(examples: he/she likes it for a few minutes then starts to cry, he/she rolls
herself over, he/she loves it and is very happy, etc…)
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
__________________________
5. When your baby is placed on their back awake, how do they respond
(examples: he/she kicks and coos, he/she cries and squirms, etc…)
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_________________________________________
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6. How does your baby respond when sitting upright (supported)? (examples:
she likes it for a few minutes then starts to cry, she looks around, she loves it
and is very happy, etc…)
____________________________________________________________
____________________________________________________________
____________________________________________________________
____________________________________________________________
____________________________________________________________
____________________________________________________________
____________________________________________________________
__________________________________________
7. How does your baby respond when standing (supported)? (examples: he/she
likes it for a few minutes then starts to cry, he/she looks around, he/she loves it
and is very happy, etc…)
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________

8. What are your baby’s favorite games/activities/things to do on a day-to-day
basis (examples: loves being on the changing table, loves playing peek-a-boo,
etc..)?
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________

9. How many other children do you have? ______
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What are their ages and genders?______________________

10. What type of milk does your baby eat?
Formula

Breast milk

Combination of formula and breast milk

11. If your baby drinks breast milk, how does he/she receive it?
Bottle
Nursing
Combination
12. How many hours a week does your baby spend in daycare? ___________
13. Where does your baby go to daycare (in-home vs corporate)? ____________
How many other kids are there?_________
What are the ages of other children there?
___________________________
14. Has your baby been diagnosed with Colic?
15. Does your baby have any other digestive issues?

Yes
Yes

No
No

If yes, explain:
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
__________________

1. Mom’s current weight: ___________

2. Baby’s current weight:____________; Baby’s current length: __________________
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12-Month Motor Survey Questions
1. Can your child get into the sitting position from his/her back and tummy? Yes
No
2. Can your child sit for several minutes on the floor without support? Yes No
3. Can your child stand for several minutes without support? Yes No
4. Can your child manipulate an object while in the standing position? Yes No
5. Can your child take 4+ steps with support? Yes No
6. Can your children take 4+ steps without support? Yes No
7. Can your child pull up into standing on a sturdy object? Yes No
8. Can your child roll in both directions? Yes No
9. Can your child pick up a small item by using their thumb and fingers? Yes No
10. Does your child feed themselves a cookie or cracker? Yes No
11. Does your child imitate use of toys after demonstration? Yes No
12. Does your child understand words for common objects? Yes No
13. Does your child understand simple commands or questions? Yes No
14. Can your child crawl up the stairs? Yes No
15. Can your child crawl down the stairs? Yes No
16. At what age did your child begin crawling? __________________________
17. At what age did your child begin walking without assistance (if they have done
this yet)? ___________________________
18. How much time does your child spend doing the following activities per day:
a. On their stomach _____________
b. On their back ________________
c. In a sitting position ________________
d. In a supported standing position ________________
19. How many other children do you have? _________
a. What are their ages and genders?
_________________________________________
20. Is your child currently breastfed?
a. If not, at what month did you stop? _________________
21. What type of milk does your baby eat?
a. Formula
b. Breast milk
c. Combination of formula and breast milk
d. Cow’s milk
e. Almond milk
f. Soy milk
g. Other:_____________
22. If your baby drinks breast milk, how does he/she receive it?
a. Bottle
b. Nursing
c. Combination
23. How many hours a week does your baby spend in daycare? ___________
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24. Where does your baby go to daycare (in-home vs corporate)? ____________
a. How many other kids are there? _________________
b. What are the ages of other children there?
__________________________________
25. Where does your baby sleep during the night (circle as many as apply)?
a. Flat crib or crib with a slight crib wedge
b. Inclined sleeper other than a crib (e.g. Rock n Play)
c. Swing
d. Bassinet
e. Co-sleeper
f. In bed with you
26. Does your baby sleep on his/her back, belly, or side? _______________
27. Where does your baby nap during the day (circle as many as apply)?
a. Flat crib or crib with a slight crib wedge
b. Inclined sleeper other than a crib (e.g. Rock n Play)
c. Swing
d. Bassinet
e. Co-sleeper
f. In bed with you or laying on you
28. In a 24 hour period (including bed times and naps), how long does your baby
sleep? __________
29. (If applicable) When your baby is placed on their tummy awake (“tummy time”),
how do they respond? (examples: he/she likes it for a few minutes then starts to
cry, he/she rolls herself over, he/she loves it and is very happy, etc…)
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
30. (If applicable) When your baby is placed on their back awake, how do they
respond (examples: he/she kicks and coos, he/she cries and squirms, etc…)
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
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31. How does your baby respond when sitting upright (supported or unsupported)?
(examples: she likes it for a few minutes then starts to cry, she looks around, she
loves it and is very happy, etc…)
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
32. How does your baby respond when standing (supported or unsupported)?
(examples: he/she likes it for a few minutes then starts to cry, he/she looks around,
he/she loves it and is very happy, etc…)
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________

33. What are your baby’s favorite games/activities/things to do on a day-to-day basis
(examples: loves being on the changing table, loves playing peek-a-boo, loves
chasing/crawling after an older sibling, etc..)?
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________

34. Has your baby had any serious illnesses or hospitalizations during the past year? If
yes, please explain.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
____________________________
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APPENDIX 4:
Peabody Developmental Motor Scales Second Edition (PDMS-2) Testing Booklet
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